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SUMMARY 

A force-test  investigation has been  conducted i n   t h e  Langley f ree-  
f l i g h t  tunnel   to  determine  whether  the s t a t i c   s t ab i l i t y   cha rac t e r i s t i c s  
of a twisted and cambered 68.7O del ta  wing could be approximated by a 
plane wing of similar plan form w i t h  dihedral. Such an  investigation 
was of i n t e re s t  because s t a t i c   t e s t s  of a twisted and cambered w i n g  model 
showed tha t  the model had high  directional  stabil i ty  in  the  high  angle- 
of-attack  range. It w a s  found in   the  present   invest igat ion that values 
of d i rec t iona l   s tab i l i ty  approximately  equal to  those of the  twisted and 
cambered  wing could be obtained with dihedral  angles of 20° or 30°. 

INTRODUCTION 

Interest  has recently been shown i n  the use of t w i s t  and camber i n  
the wing as a means of minimizing the  pressure peaks at   the  design l i f t  
coefficient that usually  occur on low-aspect-ratio  highly swept wings 
i n  supersonic  f l ight  (ref.  1). In  other  investigations  (for example, 
r e f .  2), it has  been sham that t w i s t  and camber a l so  provide a means 
for  delaying  leading-edge  separation of high-speed wing configurations 
to  higher  lift-coefficients  than  for  the  plane wing. An investigation 
( r e f .  3 ) ,  conducted i n  the Langley s t ab i l i t y   t unne l   t o  determine  the 
low-speed l i f t -drag  and s t a t i c   s t ab i l i t y   cha rac t e r i s t i c s  of a del ta  and 
a highly  tapered sweptback wing w i t h  t w i s t  and camber, showed that these 
wings became directionally  stable  at  high  angles of attack. Other recent 
investigations  (for example, ref. 4)  have shown that plane w i n g s  of simi- 
la r   p lan  form generally  experience a severe loss  i n   d i r e c t i o n a l   s t a b i l i t y  
a t  high  angles of attack.  Since this large loss i n   d i r ec t iona l   s t ab i l i t y  
is very  undesirable, the use of twist and camber  becomes of i n t e re s t  from 
a s tabi l i ty   s tandpoint  because it appears t o   o f f e r  a means of  eliminating 
this loss  i n   s t a b i l i t y .  

I -  
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Since  twisted and cambered wings are s t ruc tura l ly  complex, other 
means of  obtaining  their   desirable  stabil i ty  characterist ics more simply 
were considered.  Preliminary  analysis showed tha t  the beneficial  effects 
of the twisted and cambered wing could be a t t r ibu ted   to   an   e f fec t ive  
geometric dihedral which resu l ted   in   the  wing having large  side area 
behind  the  center of gravity. It was decided,  therefore,  to use i n   t h e  
present  investigation a plane-wing model i n  which the dihedral  could be 
varied. The model had 68.7' sweepback of the  leading edge which corre - 
sponded t o  the plan form  of the twisted and cambered w i n g  of references 1 
and 3 .  The dihedral of the w i n g  could be varied  along a l i n e   p a r a l l e l   t o  
the fuselage  center  line and tangent to  the  fuselage at i t s  maximum thick- 
ness; the dihedral of the outer  portion of the wing could be varied  along 
a sweep l i n e  of about 77'. Provisions were made f o r  varying  the  inboard 
and outboard dihedrals i n  combination so that the model gave a more accu- 
rate geometrical  representation of the twisted and cambered w i n g .  The 
character is t ics  of the twisted and cambered model of reference 3 were 
also determined f o r  comparison purposes. 

SYMBOLS 

The data are  presented  in the form of standard NACA coefficients 
of forces wd moments which a re   re fe r red   in  all cases  to the s t a b i l i t y  
axes w i t h  the or igin a t  the quarter-chord  point of the mean aerodynamic 
chord. The coeff ic ients   are  based on the geometry  of the wing at Oo 
dihedral. The posit ive  directions of the forces, moments, and angular 
displacements are shown i n  figure 1. The coefficients and symbols used 
herein are defined as follows: 

CL 

cD 

Cm 

cl 

Cn 

L 

D 

l i f t  coefficient,  Lift/qS 

drag  coefficient,  wag/qs 

lateral-force  coefficient,   Lateral   force/qS 

pitching-moment coefficient,  Pitching moment/qSE 

rolling-moment coefficient,  Rolling moment/qSb 

yawing-moment coefficient , Yawing  moment/qSb 

l i f t ,  l b  

drag, l b  
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longitudinal  force , l b  

la te ra l   force ,  l b  

pitching moment, f t - l b  

ro l l ing  moment, f t - l b  

yawing  moment, f t - l b  

dynamic pressure,  lb/sq f t  

airspeed,  ft/sec 

wing area, sq  f t  

wing span, f t  

aspect  ratio,  
S 

sweepback, deg 

cmean aerodynamic chord, f t  

t i m e ,  sec 

angle of attack of reference axis ( f ig .  l), deg 

angle of yaw, deg 

angle of sideslip,  deg 

outboard  dihedral, deg 

inboard  dihedral, deg 

3 
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The model was tested on a six-component strain-gage  balance i n   t h e  
Langley f ree- f l igh t  tunnel which i s  a low-speed tunnel  having a 12-foot 
octagonal test section. The tunnel w a s  designed  primarily  for  flying 
dynamically  scaled models but  force-testing equipment has been in s t a l l ed  
so that the aerodynamic character is t ics  of models can be obtained. 

A three-view  drawing Of the 68.7O delta-wing model used i n  the 
investigation i s  presented  in   f igure 2 and the dimensional character is t ics  
are  given i n  table I. The model was b u i l t  so that the  dihedral  could be 
varied  along a l ine   pa ra l l e l   t o   t he  model center   l ine and tangent to   the  
fuselage a t  i t s  m a x i m u m  thickness. The dihedral of the outer  portion of 
the wing could be varied  negatively  along a sweep l i n e  of 77O. The model 
had a half-del ta   ver t ical  tai l .  

TESTS 

Force t e s t s  were made t o  determine  the s ta t ic   longi tudina l   s tab i l i ty  
character is t ics  of the plane-wing model f o r  angles of attack from 00 t o  
360 w i t h  Oo, loo, 20°, and 30' inboard dihedral and wi th  Oo outboard 
dihedral. The longi tudinal   character is t ics  were also determined f o r  
these same inboard  dihedrals wi th  equal and opposite  outboard  dihedral 
angles. For the same combinations of inboard and outboard dihedral 
angles,   the  static lateral s tab i l i ty   charac te r i s t ics  were determined' 
with ve r t i ca l  t a i l  off and on for  angles of attack from 0' t o  36O at  
t 5 O  sideslip and a t  an  angle of attack of 2 8 O  over a s ides l ip  range of 
f20°. In  a few instances at a = 280, outboard  dihedral  angles up t o  
-60° were tested.   In  the  present  investigation,  the  twisted and cambered 
w i n g  model of reference 3 was tes ted for angles of a t tack from Oo t o  360 
at  sideslip  angles of Oo t o  k5O. 

All force   t es t s  were made a t  a dynamic pressure of 3.2 pounds per 
square  foot which corresponds t o  an airspeed of about 52 feet per  second 
a t  standard  sea-level  conditions and t o  a Reynolds number of approxi- 
mately 440,000 based on the wing mean a e r o d y n d c  chord of 1.33 f e e t .  
All moment data are referred  to  the  center-of-gravity  posit ion  at  23 per- 
cent of the mean aerodynamic  chord. 
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RESULTS AND DISCUSSION 

Longitudinal  Characteristics 

A comparison of the  longitudinal  characterist ics of the plane-wing 
model with various  inboard  dihedral  angles and those of the  twisted and 
cambered w i n g  model i s  presented in   f i gu re  3 .  The data show the 
twisted and cambered wing  model had a higher maximum lift coefficient 
and generally had a higher  lift-curve  slope  over  the  angle-of-attack 
range  than  the  plane-wing model with Oo dihedral. As the  dihedral w a s  
increased on the  plane wing, the  lift-curve  slope  decreased and the 
maximum l i f t  coefficient was reduced by nearly 30 percent. 

The longi tudinal   s tabi l i ty  of the plane-wing model with Oo dihedral 
was s l igh t ly   l ess   than   tha t  of the  twisted and cambered wing and the 
longi tudina l   s tab i l i ty  parameter C, decreased  progressively as the 

dihedral was increased. 
a 

Presented in   f i gu re  4 are  the  longitudinal  characterist ics of the 
plane-wing model for  several  combinations of inboard and outboard  dihe- 
dral compared with  those of the  twisted and cambered w i n g  model. These 
data show that  the  l if t-curve  slope and maximum l i f t  coefficient were 
reduced fo r  all combinations of dihedral  angles  but  the  reductions are 
not as large as those  for  inboard  dihedral  only. The longitudinal  sta- 
b i l i t y  was about  the same as tha t  of the model with  only  inboard 
dihedral. 

Lateral   Characterist ics 

Twisted and cambered w i n g  model.- The data of figure 5 show the 
variation of t he   s t a t i c   l a t e ra l   s t ab i l i t y   de r iva t ives  C yP, Cnp, and 

C with  angle of attack  for  the twisted and cambered wing  model and 

also  for   the plane-wing model with  various  inboard  dihedral  angles. The 
twisted and cambered wing  model with  ver t ical  t a i l  off had approximately 
neut ra l   d i rec t iona l   s tab i l i ty  C a t  low angles of attack and Cn 

increased  rather  rapidly  to  fairly  high  posit ive  values at an  angle of 
attack of about 280. A t  higher  angles of a t tack  the  direct ional   s tabi l i ty  
decreased t o  about  half i ts maximum value. With the   ver t ica l  t a i l  on, 
the  direct ional   s tabi l i ty   increased at angles of attack up to   t he  
stall (a = 3 3 O )  but decreased beyond the stall. 

I P  

B 

The effective  dihedral  was posit ive over the  angle-of-attack range 
and reached a m a x i m u m  value w e l l  below the stall. In general ,   the  verti-  
c a l  t a i l  had l i t t l e  influence on the  effective  dihedral  a t  any angle of 
attack. - 
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Effect of inboard  dihedral on  plane-wing model.- The effect  of 
inboard  dihedral   on  the  static lateral s t ab i l i t y   cha rac t e r i s t i c s  of the 
model with t a i l  off  over the angle-of-attack ranQe is  shown i n   f i g u r e  5 .  
The wing-fuselage  combination  with 00 dihedral became direct ional ly  
s table  a t  medium angles of attack and remained s l igh t ly  stable u n t i l  the 
stall when it became very  unstable.  This.increase i n   d i r e c t i o n a l  stabil- 
i t y   i n  going from low t o  medium angles of attack is character is t ic  of a 
highly swept wing or  wing-fuselage  combination i n  which the  fuselage i s  
re la t ive ly  small, such  as in   the  case of the present model. (See re f .  4. ) 
The  amount of d i rec t iona l   s tab i l i ty   for   th i s   conf igura t ion  a t  high  angles 
of attack was much less than that of the twisted and cambered wing. 
Increasing  the  dihedral  to loo r e su l t ed   i n  a large  increase  in   the  direc-  
t i ona l   s t ab i l i t y ,   pa r t i cu la r ly  a t  the higher angles of attack, and the 
model did not become unstable   unt i l  after the stall. A further increase 
in   d ihed ra l   t o  20' t o  30' caused fur ther   increases   in   direct ional  sta- 
b i l i t y  up t o   t h e  stall and the model was direct ional ly  stable beyond the 
stall.  Since estimates of the  center-of-pressure  location based on the 
values of C and Cy showed tha t  the center  of  pressure remained a t  

about 0.2 t o  0.25 spans  behind  the  center of gravity at moderate t o  high 
angles of attack, the increase i n   s t a b i l i t y  with increase  in  dihedral  
angles  can  probably be a t t r ibu ted  mainly t o  the increased  side  area 
which also  increased  the  side-force  parameter as sham i n  figure 5 .  
With 20° and 30' dihedral, the model approximated the  high-=le-of- 
a t tack  character is t ics  of the  twisted and cambered w i n g  model. The 
plane-wing model, however, had much larger  values of d i rec t iona l   s tab i l -  
i t y  a t  low and  moderate  angles of attack. 

P 

The effective  dihedral  parameter -CzP increased  greatly  with 

increasing  angle of attack and  remained posit ive over the angle-of-attack 
range.  Increasing the geometric dihedral increased  the  effective dihedral 
a t  low and  moderate angles of a t tack  but   in   the  high angle-of  -attack range 
the  effect  of geometric dihedral was generally small and somewhat e r r a t i c .  
The m a x i m u m  value of effective  dihedral  was about  the same as that f o r  
the  twisted and cambered wing, but  the  values a t  low and moderate l i f t  
coeff ic ients   for  the wing w i t h  dihedral were somewhat larger.  

With a v e r t i c a l   t a i l  on, the direct ional   s tabi l i ty   increased  a t  
angles of attack up t o   t h e  stall  and decreased at angles of attack beyond 
the stall. 

Effect of combinations of inboard and outboard  dihedral.-  Presented 
i n  figure 6 are  the  variations of Cy, Cn, and Cz w i t h  angle of side- 
s l ip   fo r   t he  plane-wing model a t  an  angle of attack of 2 8 O  with various 
inboard and outboard  dihedral  angles. These data are  included  to show the 
nonlinearity  of  the  curves.  Presented i n   f i g u r e  7 are  the  variations of 

and C with angle  of  attack  for  several.  dihedral  configurations 
2P 



compared with those for the twisted and cambered wing. The data show 
that, a t  high angles of attack,  values of d i r ec t iona l   s t ab i l i t y  comparable 
w i t h  those of the  twisted and cambered wing were achieved with several  
different  dihedral  configurations. Using outboard  dihedral  resulted 
i n  a fa i r ly   l a rge   reduct ion   in   d i rec t iona l   s tab i l i ty  because of the lo s s  
in   e f fec t ive   s ide  area. The data show that the  variation of the effec- 
t i v e  dihedral parameter w i t h  angle of attack was generally similar t o  
that of the twisted and cambered wing fo r  a l l  configurations,  but  there 
were large  differences  in  the  values at a given  angle of attack. 

CONCLUSIONS 

A n  inves t iga t ion   to  determine the s t a t i c   s t ab i l i t y   cha rac t e r i s t i c s  
of a 68.70 delta-wing model with  various  combinations of inboard and 
outboard  dihedral showed that the model had large  values of direct ional  
s t ab i l i t y   w i th  t a i l  off o r  on at high  angles of attack and 20' or  30' of 
dihedral. These conditions  resulted  in  values of d i r ec t iona l   s t ab i l i t y  
at high  angles of attack comparable with  those  for the twisted and cam- 
bered wing model. 

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va.,  January 27, 1955. 
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TABU I.- GEOMETRIC CHARACTERISTICS OF T€TE MODEL 

wing : 
Sweepback.  deg . . . . . . . . . . . . . . . . . . . . . .  68.7 
Airfoil   section  parallel  to plane of  symmetry . . . . . .  NACA 0002 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  1.36 
Area ( t o t a l  t o  center   l ine) .  sq i n  . . . . . . . . . . . .  225 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  18.72 
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . .  16 

Fuselage : 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . .  32 
Maximum thickness (19 inches from nose). i n  . . . . . . .  3.12 

Ver t ica l   t a i l   ( fuse lage) :  
Sweepback.  deg . . . . . . . . . . . . . . . . . . . . . .  60 
Airfoil  section . . . . . . . . . . . . . . . .  1/8-inch f l a t   p l a t e  
Aspect r a t i o  (exposed area) . . . . . . . . . . . . . . .  1.15 
Area (exposed). sq i n  . . . . . . . . . . . . . . . . . .  21.7 
Span (above fuselage ) . i n  . . . . . . . . . . . . . . . .  5.0 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . .  8.7 
Mean aerodynamic chord. in . . . . . . . . . . . . . . . .  5975 
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Figure 1.- The s t a b i l i t y  system  of  axes. Arrows indicate  positive  direc- 
t ions of moments, forces, and angles.  This  system  of  axes i s  defined 
as an orthogonal  system  having  the  origin a t   the   cen ter  of  gravity and 
i n  which the Z - a x i s  i s  in  the  plane of symmetry and perpendicular  to 
the  re la t ive wind, the X-axis i s  in  the  plane  of  symetry and perpendic- 
ular to   the  Z-axis, and the Y-axis i s  perpendicular to  the  plane of 
symmetry. A t  a constant  angle of attack,  these  axes  are  f ixed  in  the 
airplane. 
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Dihedral vaned by  using  wedge 
blocks as shown 

7- 
18.72 

00 

19.50 - - 6.40 

- e 

I 
Figure 2.- Sketch of the  model  used  in  the  investigation. All dimensions 

are  in  inches. 
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Figure 3.- Effect of inboard  dihedral on longitudinal  characterist ics of 
plane-wing model. Outboard dihedral 0'; p = 0'. 
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Figure 4.- Comparison of longitudinal  characteristics  of  plane-wing  model 
and  twisted  and  cambered  wing  model. p = Oo. 
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Figure 5.- Comparison of s t a t i c   l a t e ra l   s t ab i l i t y   cha rac t e r i s t i c s  of 
plane-wing model and twisted and  cambered  wing  model. Outboard 
dihedral 0'. 
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(a)  Inboard  dihedral 10'. 
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Figure 6.- Variation of the  static  lateral  stability  coefficients with 
angle  of sideslip. a = 28'. 
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(b) Inboard dihedral 20’. 

Figure 6.- Continued. 



NACA RM ~ 5 3 ~ 1 1  - 

. . .  

(c ) Inboard  dihedral .30°. 

Figure 6. - Concluded. 
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Figure 7.- Effect of various  Inboard and outboard  dihedrals on the s t a t i c  
la te ra l   s tab i l i ty   charac te r i s t ics .  

nn-. 
NACA-Langley - 4-1-55 - sat5 



, 


